them. At present, field inspection and plant infection are chiefly used although both are time-consuming and expensive. Consequently, an effective laboratory diagnostic procedure is highly desirable. The phage plaque count technique was therefore applied to this specific problem, but with the possibility in mind of its general application in the detection of organisms in any substrate or from any source.
METHODS AND RESULTS
Isolation, specificity, and stability of phages. Typical phages were isolated for P. phaseolicola and X. phaseoli from a mixture of soil, compost, and sewage, which was suspended in nutrient broth, inoculated heavily with one or the other of the two bacterial species, and incubated at room temperature for 48 hours. This suspension was filtered through paper and through sterile Seitz pads. The clear filtrate was then added to freshly inoculated nutrient broth (10 ml in 50-ml Erlenmeyer flasks). After 24 hours these cultures were filtered and the filtrate again tested against the organisms. Usually clearing took place with the first or second filtrate; if not, the serial passages were continued 5 or 6 times before the filtrate was discarded. Typical plaques were produced by mixing in a petri plate a suitable dilution of the active filtrate, a heavy suspension of susceptible cells, and 10 ml yeast beef agar. After the active filtrate had passed 10 to 12 serial filtrations through Seitz pads, it was tested for specificity against a variety of strains of the homologous organisms as well as other species, with results as given in table 1. It may be seen that these phages are very specific, that for X. phaseoli, for example, not lysing X. phaseoli var. fuscans or var. sojensis. Such specificity has also been reported by Thornberry et al. (1948) , working with Xanthomonas pruni phage.
The P. phaseolicola phage filtrate was assayed for potency by the plaque method. Dilutions were prepared in nutrient broth and aliquots transferred to petri plates, each of which then received 0.6 ml of a cell suspension from a 24-hour yeast beef agar slant culture and 10 ml of yeast beef agar. Plaques could be counted after 6 to 10 hours at room temperature. The phage filtrate was shown to contain 1.2 X 107 particles per ml. However, after 4 days, when the diluted suspensions (kept in the refrigerator) were replated, the number of particles had increased to 9.4 X 108 per ml, indicating appreciable disaggregation of these particles. This number remained constant for months in the cold, but at room temperature it fell to 5.3 X 101 in 4 days. A similar reduction in plaque count occurred at room temperature with the X. phaseoli phage.
Detection of internal infection of beans.
(1) Direct isolation and typing. Fifty seeds from each of 14 samples were surface-sterilized with chlorine (2 per cent free Cl, 10 minutes), washed in sterile water, and then suspended in 250 ml nutrient broth in Mason jars. The seeds were then comminuted with a Waring blender. The ground mixtures were streaked on yeast glucose CaCO3 agar and both streaked and plated on yeast beef agar; cultures were isolated on yeast beef agar and each was inoculated into 3 flasks containing 10 ml nutrient broth. One flask received 0.5 ml of X. phaseoli phage; one, 0.5 ml of P. phaseolicola 690 [VOL. 61 phage, and one was left as a control. It was found that 3 samples out of 14 contained organisms that lysed with P. phaseolicola phage, and one with X. phaseoli phage. When the seed was germinated prior to crushing, 4 samples showed the presence of organisms sensitive to the P. phaseolicola phage. This was a very low rate of incidence of halo blight infection in view of the fact that 11 of the samples came from fields reported to be infected with halo blight. Subsequent tests showed an increased number of positives after a preliminary incubation of the comminuted tissue. In nutrient broth at room temperature, P. phaseolicola cells do not multiply appreciably during the first 5 hours after inoculation, but Nutrient broth + phage + bacteria 30 C C to be described below for detecting internal infection of beans with the halo blight organisms. This number of particles was purposely chosen to give an easily countable number of plaques without recourse to dilutions. To a known amount of crushed bean sample-4 ml in these particular experiments-was added 1 ml of the phage suspension, and 0.2-ml aliquots were removed periodically for plaque counting. The results of some of these tests are summarized in table 2. Phage multiplication in broth in the presence of the specific host was rapid, as expected. The presence of bean tissue-even that remaining in the Figure 1 . Multiplication of phage in ground bean tissue. A. P. phaseolicola phage, number of plaques when phage initially added to sample containing susceptible cells. B. P. phaseolicola phage; number of plaques 6 hours after phage added to this sample. C. X phaseoli phage; number of plaques when phage initially added to sample containing susceptible cells. D. X. phaseoli phage; number of plaques 6 hours after phage added to this sample. supernatant after centrifuging reduced the rate of multiplication, which was even more extensively reduced by the uncentrifuged bean tissue. Sterilization of the bean tissue overcame its inhibitory effect (compare series 10 and 14), as did dilution of the samples (series 12 and 16). Series 7 and 8 represent a sample of beans that was suspected of harboring the pathogen. This suspicion was sup-1951] 693
ported by the fact that, when phage was added to the sample, a striking increase in -the number of particles occurred (24 to 1,600), which increase was further augmented by the addition of the homologous bacteria. The influence of bean tissue on phage was further demonstrated with two varieties of beans, each ground for 5 and for 10 minutes and allowed to settle (table 3) . With sample 1, an increase in the grinding time from 5 to 10 minutes resulted in marked inhibition (or adsorption) of phage particles, a phenomenon produced, though to a lesser extent, as a result of merely increasing the amount of suspended tissue (compare supernatant and agitated sets). However, all bean varieties do not ap- The method finally evolved consisted of surface-sterilizing 50 bean seeds, washing in sterile water, and grinding for 5 minutes in 250 ml of sterile nutrient broth in a Waring blender. The mixture was held at room temperature overnight, then shaken thoroughly, and allowed to settle for 1 hour. Ten ml of the supernatant were removed aseptically and transferred to a sterile flask. One ml of a suitable dilution of phage, containing from 4,000 to 4,500 farticles, was added to the flask and then 0.1 ml was removed from each flask for the plaque count. After 5 to 6 hours, another 0.1-ml aliquot was removed and plated. As shown in table 2 (series 7 and 8), figure 1, and This fact was demonstrated experimentally as followvs: Disease-free surface-sterilized seeds (50 in 250 ml nutrient broth) vere groun(d and divided into two parts, one of wvhich (A) was allowed to incubate overnight and the other (B) distributed in 9-ml amounts to sterile flasks each one of which received 1 ml of a suitable suspension of P. phaseolicola cells obtained from a 24-hour slant culture. The flasks were left on a laboratory desk. On the following morning, A was treated as B and a duplicate control series with nutrient broth was set up. All flasks then received 1 ml of a phage stock suspension containing about 4,500 Preliminary trials with this method on beans suspected of harboring the common blight organism (X. phaseoli) were also made. Bean lot RT3 and four other lots were tested by crushing 3 or 4 samples of 50 seeds from each lot in 250 ml nutrient broth and proceeding as outlined above, except that X. phaseoli phage was used. One ml of a suspension of X. phaseoli cells from a 24-hour slant culture was used in these tests for the plaque count. The results in table 7 and in figure 1 confinn the previous observation that sample RT3 contains a susceptible organism, considered to be X. phaseoli.
An interesting observation was made regarding sample X-3. One of the batches of seed from this sample showed a very large number of plaques even at the initial plating, a result indicating the presence of a phage in this sample that was active on X. phaseoli. Since control aliquots of all crushed seed were always placed in the refrigerator prior to overnight incubation, it was possible to determine to what extent the beans were contaminated with phage. It was found that 0.2 ml of this material yielded 20 plaques. The increase in number of these plaques after overnight incubation may be taken as evidence of multiplication on a bacterial host closely related to, if not identical with, X. phaseoli. Several samples of beans containing the halo blight organism, P. phaseolicola, also yielded phages that were active on this organism and that increased markedlv dujrinsr the overnight incubation period.
DISCUSSION
The isolation of specific phages for P. phaseolicola and X. phaseoli has made possible the rapid detection of internally borne infection of beans with these organisms, which cause halo and common blight, respectively. This was done first by direct isolation from ground,' incubated bean tissue followed by testing of the isolates for susceptibility to the two phages. In order to eliminate these two steps (isolation and testing for lysis) a phage plaque count method was evolved and has been described. However, as with other methods, certain difficulties may be encountered in regard to the practical application of the technique.
Of prime importance is the isolation of a phage specific to the species of bacteria involved, and preferably one that lyses all or most of the strains of the species. A phage specific for only one strain of a particular species would not be of any use, except for the detection of that particular strain. So far in this investigation, the P. phaseolicola phage has lysed every strain of this organism that has been tested. The X. phaseoli phage is even more specific. It has lysed all strains of this organism, but has been entirely inactive towards the two varieties X. phaseoli var. fuscans and var. sojensis. These two varieties differ from X. phaseoli only in respect to host pathogenicity. The difficulty of isolating a speciesspecific phage may be reduced to some extent by combining various strain-specific phages and by making use of the pooled phage for the detection of the presence of the species in any sample. The presence in the seed of a phage active on the bacterial plant pathogen being studied may cause confusion. Wherever the number of plaques at the initial plating was greatly in excess of those added (see X 3-1, table 7), the presence of a new phage was suspected. Verification of its presence was made by plating the bean tissue (a sample of which was also removed aseptically to the refrigerator before overnight incubation) as previously described. Since a striking increase in the number of particles usually occurred during the overnight incubation, it may be concluded that the specific bacteria must have been present to permit the increase. Such phages should be isolated and their specificity de- termined to rule out the chance of their being polyvalent and capable of reproducing on other species of pathogenic or nonpathogenic bacteria (Fulton, 1950) .
Various other problems relating to the application of this technique may arise, depending on the nature of the phage, the bacterial species involved, the degree of contamination of materials suspected of harboring the susceptible bacterial the nature of the substrate containing the pathogenic organisms, the medium used for plaque counts, and the period of pre-and post-sampling incubation. The number of phage particles added to a sample is-arbitrary; sufficient should be used to permit ready contact with susceptible cells in the sample and to overcome inhibition or adsorption by the constituents of the sample but not so many as would necessitate the dilution of the sample prior to making plaque counts. In the method outlined above, 0.1 ml of the phage-bean mixture gave from 20 to 50 plaques per plate, and from 30 to 60 times that number after 5 or 6 hours, if host cells were present. The sampling period (0 to 6 hours) is also arbitrary, the length of time depending on the rate of multiplication of the phage, the number of host cells present (table 6) , and the degree of contamination of the sample with various unrelated bacteria. A short contact period between phage and sample is desirable, as overgrowth by these unrelated organisms would not be serious. By centrifugation, by the use of suitable inhibitors, or by increasing the volume of cells of the homologous bacteria used when plates are poured for plaque counts, the numbers of such organisms may be reduced appreciably. A selective plating medium for plaque count or a selective liquid medium for overnight incubation of the material being studied prior to the addition of phage, would be particularly advantageous, as would also be a short incubation period for this material. On the other hand, a sufficiently long incubation of the material before the addition of the phage is very necessary, especially with samples that are not heavily loaded with the desired bacteria. Also necessary is a phage-1951] sample contact period sufficiently long to give a significant increase in the number of virus particles.
In applying the method described above to the detection of internally borne infection of seed (as with bean blights), it is proposed to add a mixture of X. phaseoli and P. phaseolicola phages to the incubated material and make plaque counts in separate plates containing the different test organisms. By this means, a sample of beans from an unknown source could be tested routinely for either common or halo blight at the same time. A more general application of this procedure might be, for example, in the detection of the presence of certain typhoid strains in suspected material by pooling a number of strain-specific phages for this organism. Such a test may be placed on a semiquantitative basis by diluting the material to be tested prior to the preliminary incubation.
SUMMARY
Specific phages for Pseudomwnas phaseolicola and Xanthomonas phaseoli have been isolated from a mixture of soil, compost, and sewage. They were found to produce typical plaques and to be stable for many months in the refrigerator. These phages have been used successfully in detecting internally borne infection of bean seed by direct isolation from ground, incubated bean tissue, followed by determination of the susceptibility of the isolates to these phages.
To eliminate the need for isolation and testing for lysis, a rapid phage plaque count technique was developed. The method consists of grinding surface-sterilized beans (50 seeds in 250 ml nutrient broth) for 5 minutes in a Waring blender and incubating the mixture overnight. Next morning, 10 ml of the supernatant in the jar are removed to a sterile flask and a known number of virus particles are added. Samples for plaque counts are taken immediately and 6 hours later. If the homologous organisms are present in the original bean sample, a striking increase in the number of phage particles occurs. By this method, 11 out of 14 samples of beans were shown to contain P. phaseolicola, causal organism of halo blight. By culture isolations from all samples it was shown that only the 11 samples that gave positive reactions were pathogenic to bean seedlings; none of the other 3 samples yielded either phage-susceptible or phage-resistant plantpathogenic strains.
Bean tissue exerted a measurable inhibitory effect on the P. phaseolicola phage.
For a test of seed that carries only a low percentage of infection, a larger sample than that indicated above is required. The sample may be comminuted in small lots and pooled, either before or after overnight incubation, to yield only one composite sample for phage testing. By the method here described, the presence of as few as 3 bacteria per ml of ground bean tissue may be detected after this material has been incubated overnight.
Preliminary tests indicate that this method may be applied also to the detection of X. phaseoli.
The same method would appear applicable to the detection of any bacterial species or strain for which a specific phage can be isolated.
